B12 concentration of the serum of normal subjects was found to be 350 ,qL4g./ml. The lower limit of the range in normal subjects was 100 ,ijug./ml. The concentrations in the serum of patients with untreated pernicious anaemia were below the normal range; the mean concentration was less than 40 ,u/ug./ml. In serum the vitamin was found to be combined with some material, probably prbtein, which rendered it microbiologically inactive until it was freed from combination by heating at 1000 C.
In this paper are reported the changes in the vitamin B12 concentrations of the serum and urine of patients with untreated pernicious anaemia during the first 72 hours after intramuscular injection of the vitamin. In addition, the amounts of vitamin B12 excreted by these patients following injections are compared with the amounts excreted by normal subjects given similar injections of the vitamin.
Materials and Methods
Observations were made on 31 patients with pernicious anaemia in relapse. Twenty-seven of them were in hospital receiving a diet from which meat was excluded and in which fish, butter, cheese, and eggs were restricted. The normal subjects studied were either healthy young doctors or patients in hospital fully convalescent from minor disorders.
Solutions of crystalline vitamin B12 were given by intramuscular injection. Patients usually received the vitamin B12-deficient diet for five to seven days before treatment.
Method of Assay.-Details of the assay technique used have been published elsewhere (Ross, 1952 In order to obtain good comparison between the values in sera taken serially from the same patient, specimens collected at short intervals have been assayed in one assay batch, and such assays have been repeated at least once. In this way slight differences in values due to variations in the growth of the test organism from one assay batch to another have been minimized. It has also been found advisable to assay batches of sera or urine at the same dilutions as far as possible, for such fluids may give greater calculated values in relatively strong concentrations than in more dilute solutions. This is presumably due to the presence of supplementary growth factors, the effect of which is removed by high dilution.
Other Technical Methods.-These have been described elsewhere (Mollin and Ross, 1952) .
Concentrations of Vitam B12 in Serum after Injections
Effect of Single Injecions-Six patients with pernicious anaemia in relapse were given intramuscular injections of 40, 80, or 160,ug. of vitamin B,2. The total and combined vitamin B12 concentrations of the serum of these patients were assayed at frequent short intervals after injection. A typical experiment is illustrated in Fig. 1 (see also Table I , Case la).
The changes which occurred in the serum vitamin B12 concentrations of the other five patients were similar and are also shown in Table I (Cases  2a, 3a, 4, 5, and 6 , and by one patient with leukaemia after an injection of 1,000 ,ug., was measured at frequent intervals during the first 24 hours. The results of these assays are shown in Table II .
The greatest part of the excretion of the vitamin occurred during the first four hours after the injections, and more than 96 % of the total excretion occurred in the first 12 hours. Assay of individual specimens collected in the first four-hour period showed that the greater part
of the excretion occurred in the first one to two hours.
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The duration and the total amount of the excretion, however, varied in proportion to the size of the dose (Table  II) .
I+(a) Mug. of vitamin B12' At this time amounts greater than could be bound by the serum were present, so that a proportion of the circulating vitamin was uncombined. The concentrations after the larger doses were greater than after the smaller doses, and uncombined vitamin B 2 in the serum was usually present for a longer time after the larger doses (Table I ). The serum B19 concentration remained within the normal range for at least 72 hours, except in one patient (Table I , Case 3a). The duration of normal levels after injections will be reported in a later paper. The changes in the vitamin B12 concentrations of serum after injections of refined liver extract were similar to those which followed injections of crystalline vitamin B12. This is not surprising in view of the fact that the vitamin is usually in the uncombined form in these extracts. The total concentrations reached no doubt vary with the rate of absorption of the dose, the rate of excretion in the urine, and the rate of removal of the vitamin from the circulation by the tissues, including the bone marrow.
Normal subjects with a plasma volume of 3 litres injection is not excreted, it appears that the greater part of the dose is stored in the body outside the plasma and that the plasma concentration in patients with pernicious anaemia receiving no further treatment is maintained by drawing upon this store, and possibly also by the absorption of very small amounts of vitamin B12 from the intestine.
Specificity.-It has been suggested by Hendlin (1949) that the Euglena assay is not specific for vitamin B12 in view of the fact that the organism may respond to material with no Bl2 activity in " animal tests." No pure substance, however, was known to replace B12 for the Euglena until a red crystalline substance, Factor A, distinct from the vitamin B1. group, was isolated from the rumen contents and faeces of calves by Ford, Kon, and Porter (1951) . This can replace vitamin B12 for the growth of Euglena gracilis; it has also been shown by Dr. J. N. M. Chalmers to be haemopoietically active in pernicious anaemia (Coates, Ford, Harrison, Kon, and Porter, 1952 (Mollin and Ross, 1952) and possibly also by L. leichmannii assay (Girdwood, 1951) .
Combined and Uncombined Vitamin B12.-Sera collected within half an hour of giving intramuscular injections of B12 to patients with pernicious anaemia contained the vitamin in combined form in concentrations as high as in normal subjects. In pernicious anaemia, therefore, there is no deficiency in the serum of material able to bind the vitamin. The combination of B12 in the serum of patients with pernicious anaemia resisted heating to the same extent as the combination of B12 in the serum of normal subjects (Ross, 1952 Significance of Combined Vitamin B12*-The significance of the binding of vitamin B in serum is uncertain. Our observation that the excretion of B12 after intramuscular injections is greatest when the concentration of uncombined vitamin in the serum is highest (Fig. 1) suggests that combination helps to retain the vitamin in the blood stream. The binding may be necessary for transport of the vitamin from stores or intestine to tissues which require it. Ternberg and Eakin (1949) showed that vitamin B12 was bound by some substance present in normal gastric juice in such a way that it became non-dialysable and microbiologically inactive. Ross (1950) Callender and Lajtha (1951) claimed that either normal serum, or a mixture of normal gastric juice and vitamin B12 added to pernicious anaemia serum, "ripened" megaloblasts in bone marrow culture, whereas vitamin B12 alone added to pernicious anaemia serum did not ripen these cells. They suggested that the ineffectiveness of B12 in pernicious anaemia serum was due to the absence of "intrinsic factor" in the serum of patients with pernicious anaemia. Our observations, however, indicate that vitamin B12 is in fact bound by pernicious anaemia serum apparently in the same way as it is bound by normal serum. It appears, therefore, that this " ripening" effect of serum is not directly related to ability to bind B12. Callender and Lajtha (1951) also claimed that heating serum at 560 C. for two hours greatly reduced its ripening effect. This degree of heating, however, is insufficient to liberate B12 from -the bound form in serum. Spray (1952) suggested that the intrinsic factor and the binding substance in gastric juice might also be different. He reported that heating a mixture of neutral normal gastric juice and vitamin B12 at 950 C. for 20 minutes destroyed the intrinsic factor but only liberated a small amount of vitamin B12 from combination.
Urinary Excretion of Vitamin B12.-In general the results of our urine assays using the Euglena are similar to those which have been obtained by workers using Bact. coli or L. leichmannii assays (Chow, Lang, Davis, Conley, and Ellicott, 1950; Chesterman, Cuthbertson, and Pegler, 1951; Conley et al., 1951; Girdwood, 1951; Lang, Harte, Conley, and Chow, 1952; Sokoloff, Sanneman, and Beard, 1952) . In particular, the excretion of an increased percentage of the larger doses, the rapid excretion in the first few hours, and the greater excretion of a given dose after saturation-first shown by Chesterman et al. (1951) -have been confirmed. Our observations suggest that the amount of the vitamin excreted in the urine after a given dose is increased when daily injections of B12 have previously been given so that B12 is present in the serum in an uncombined form throughout the period between injections. We found no significant difference in the amounts of B12 excreted in urine by normal subjects and by patients with pernicious anaemia after injected doses of 40 to 1,000 ,ug. The excretion after injections of less than 40 pg., however, was not studied. Summary Vitamin B12 concentrations in serum and urine have been assayed using Euglena gracilis as test organism before and after intramuscular injections of the vitamin. The B12 concentrations in the sera of patients with pernicious anaemia in relapse rose after injections to within or above the range of concentrations found in normal subjects and reached highest levels within the first hour. They remained within the normal range for more than 72 hours, except in one patient.
The urinary excretion of the vitamin was greatest during the first few hours after injections at the time when relatively large amounts of uncombined vitamin were present in the serum. The B12 combining capacity of serum appeared to be limited in both in vivo and in vitro tests.
The percentage of the injected dose excreted increased with the size of the dose, rising from approximately 7.5% of 40 ,ug. injections to 60% of 1,000 ,ug. injections. Normal subjects and patients with pernicious anaemia excreted similar amounts of the vitamin after injections.
Injections of liver extracts of known B12 content caused changes in B12 concentrations in serum and urine similar to those which followed injections of the equivalent amounts of crystalline vitamin B12.
